Background {#Sec1}
==========

Pancreatic cancer has been considered an aggressive and depressive malignancy with dismal survival rate \[[@CR1]\] because of early metastasis and delayed diagnosis, even after optimal conventional therapy such as curative resection of the primary tumor, radiation and chemo-therapy \[[@CR2], [@CR3]\]. It is likely to metastasize early for this disease even when small, except the cancer cells get generally its resistance to chemotherapy and/or radiotherapy \[[@CR4]--[@CR6]\]. It was reported that 80% of these patients had been already in local infiltration and distant metastasis when diagnosed, among which the incidence of liver metastasis was more than 50% \[[@CR7], [@CR8]\]. In fact, Metastasis is considered as the primary cause of death in patients with pancreatic carcinoma in recent year \[[@CR9]\]. For all these reasons, there has been calling for novel agents and therapeutic strategies for this disease.

The detailed mechanisms of how pancreatic cancer cells spread are poorly understood. However, behavior of malignant cells is closely linked to changes in their microenvironment \[[@CR10]\], in which stroma is an important component .In recent years, Importance of tumor stroma in facilitating tumor cell growth and invasion has been more clearly defined \[[@CR11]\]. Vascular endothelial growth factor (VEGF), Matrix metalloproteinases (MMPs) including MMP-2 and MMP-9 are abundant in the stroma around malignant pancreatic tumor \[[@CR12], [@CR13]\]. MMPs are believed to be important facilitators of cancer cell invasion in past studies by resolving basement membrane proteins, Because of rich MMP-2 production found in the stromal cells of pancreatic cancer \[[@CR14]\] and the expression of MMP-9 increasing in adjacent pancreatic cancer cells \[[@CR15]\]. VEGF is strongly induced by hypoxia forming within the tumor microenvironment and VEGF keeps not only its role as the most critical driver of vascular formation but also stimulates the invasion and metastasis of tumor cells \[[@CR16], [@CR17]\].

HCS is a water-soluble preparation made from Bufo gargarizans's skin, which has been widely used in China and other Asian countries in clinics for malignant tumors \[[@CR18], [@CR19]\]. So far, it has been verified that HCS has significant anti-cancer effects in some gastrointestinal tumors such as hepatic, gastric, pancreatic and esophageal carcinoma \[[@CR20]--[@CR23]\]. Experiment showed that anti-tumor effects of HCS has been observed in Human Pancreatic Cancer-cell mice, with the increase in concentration of HCS, cell cycle was maintained at the S-phase, with pRb protein expression upregulation \[[@CR24], [@CR25]\]. Recently, studies in clinic have suggested that HCS alone or combined with other chemotherapeutic agents, effectively improves the survival rate and the quality of life for patients with gastrointestinal tumors such as gallbladder, liver and pancreatic cancer \[[@CR26]--[@CR28]\]. In addition, in a phase trials sponsored by our department and M.D. Anderson Cancer Center, no dose-limiting toxicity (DLT) was observed with the use of HCS at doses up to 8 times higher than typically used in China and six patients had stable disease prolonged or minor tumor shrinkage \[[@CR29]\].

However, it has not been clarified whether HCS has anti-metastasis effects on advanced pancreatic cancer. The purpose of this study is to evaluate the anti-metastasis activity of HCS and further to explore its underlying anti-metastasis mechanisms.

Methods {#Sec2}
=======

Cell lines and mice {#Sec3}
-------------------

Human pancreatic cancer cell lines SW1990, BxPC3 and CF-PAC1 were obtained from the American Type Culture Collection and grown in complete growth medium as recommended by the manufacturer. The cultured cells were maintained in a humidified 5% CO2 atmosphere at 37. Female BALB/c-nu/nu nude mice (18-22 g) were obtained from Shanghai Laboratory Animal Center Chinese Academy of Sciences (Shanghai, China) and housed in laminar flow cabinets under specific pathogen-free conditions with food and water ad libitum. The study protocol was approved by the Shanghai Medical Experimental Animal Care Committee.

Drugs and reagents {#Sec4}
------------------

HCS, prepared by concentrating the extraction of toad skin 10 g to 1 ml, was obtained from Anhui Jinchan Biochemical Co., Ltd. (Anhui, China). RPMI-1640 and fetal bovine serum were purchased from Gibco (U.S.A). VEGF monoclonal antibody was from BD Pharmingen (U.S.A); MMP-9 and MMP-2 monoclonal antibody were from Santa Cruz biotechnology, inc.(U.S.A). Cell counting kit-8(CCK-8) was purchased from Dojindo, Molecular Technologies, inc. (Gaithersburg, MD, U.S.A).

Cell viability assay {#Sec5}
--------------------

Briefly, cells were suspended at a final concentration of 5 × 10^3^ cells/well and cultured in triplicate in a 96-well microplate. After exposure to HCS, the viability of cells was measured using the CCK-8 assay at 36 h, 48 h and 72 h. Then, CCK-8(10 μl) was added to each well containing 100 μl mixture of culture medium and HCS (0, 0.156, 0.312, 0.625, 1.25, 2.50, 5.0 mg/ml, respectively). The plate was incubated for 1 h at 37°C. Viable cells were counted by absorbance measurements at 450 nm using auto microplate reader (Tecan Sunrise, Austria). The OD450 value was proportional to the viability of cell. All experiments were performed in triplicate on three separate occasions.

Cell invasion assay {#Sec6}
-------------------

Transwell chamber invasion assay was used to test the effect of HCS on in vitro invasion of SW1990 cells according to the manufacturer's advice (BD Biosciences). In brief, 500 μl of serum free media containing 1.0 × 10^5^ SW1990 cells treated with or without HCS (10, 20 and 50ug/ml) were added into the upper chamber in duplicate and allowed to invade toward the lower chamber with 10% fetal bovine serum (FBS). After incubation for 24 hrs, the cells on the upper side of the chambers were removed with a cotton swab and the cells on the lower surface were fixed in 95% ethanol and stained with 0.1% crystal violet. Then, the transmigrated cells were counted. For each experiment, 10 random high power fields were chosen as described previously \[[@CR30]\].

Reverse transcription polymerase chain reaction analysis {#Sec7}
--------------------------------------------------------

Total RNA was extracted by TRIzol reagent (Invitrogen, San Diego, CA, USA) from SW1990 cells treated for 24 hr with HCS of 50ug/ml. 2 μg of purified total RNA was used for reverse transcription PCR (RT-PCR) according to the manufacturer's instructions (MBI Fermentas, Vilnius, Lithuania). Sequences of the PCR primers were: VEGF forward 5′-CTACCTCCACCATGCCAAGT-3′, reverse 5′-TCTCTCCTATG TGCTGGCCT-3′; MMP-2 forward 5′-CAGGCTCTTCTCCTTTCACAAC-3′, reverse 5′-AAGCCACG GCTTGGTTTTCCTC-3′; MMP-9 forward 5′-GGCGCTCATGTACCC TATGT-3′, reverse 5′-CTCAAA GACCGAGTCCAGCT-3′; GAPDH forward 5′-GGGAGCCAAAAGGGT CATCATCTC-3′, reverse 5′-CCATGCCAGTGAGCTTCCCGTTC-3′ chosen as an internal control. We used Quantity-One Gel Imaging software (BIO-RAD) to perform quantitative RT-PCR analyses of mRNA levels, relative to GAPDH levels. All primers were synthesized at Shanghai Sangon Biological Engineering & Technology Services Co (Shanghai, China).

Western blot analysis {#Sec8}
---------------------

After treatment with 50ug/ml HCS for 24 h, cells were harvested and lysed in ice-cold NP40 lysis buffer with protease inhibitor (0.5 mM phenylmethylsulfonyl fluoride, PMSF) for 30 minutes on ice. Then the lysates were centrifuged at 12,000 rpm for 15 minutes and the supernatant was collected. Equal amounts of protein (30 μg) were separated by 10% SDS-PAGE and then incubated with anti-human monoclonal antibodies. Protein bands were visualized by the enhanced chemiluminescence (ECL) kit (Amersham Pharmacia Biotech, Uppsala, Sweden). Images were analyzed with ImageJ software supported by National Institute of Health (NIH).

Establishment of xenograft model in nude mice {#Sec9}
---------------------------------------------

6 × 10^6^ in 0.2 mL of SW1990 cells in logarithmic phase were inoculated into mice right armpit. Mice were sacrificed and then the subcutaneous tumor was removed when the tumor grew approximately 1000 mm3 in volume. The tumor tissue was sheared and then ground into cell suspensions of 3 × 10^7^/mL at final concentration in serum-free PBS (Phosphate Buffered Saline). Cell viability greater than 95% was determined by trypan blue exclusion. The mice were anesthetized with 10% chloral hydrate and the spleen was exteriorized through a left flank incision. 3 × 10^6^ cells in 100 μL of suspensions were slowly injected into the splenic pulp using an inoculating needle. The spleen was relocated into the abdominal cavity and then the peritoneum and skin were closed. All animals tolerated the procedure well.

Animal administration and assessment of liver metastasis in vivo {#Sec10}
----------------------------------------------------------------

A total of 27 mice with intrasplenic inoculation were randomly divided into three groups a week later: Control group administered with normal saline, HCS-L group and HCS-H group administered with HCS at a dose of 1500 mg/Kg/day and 3000 mg/Kg/day separately. Each group consisted of 9 mice. The daily experimental dosage was calculated according to the following human--mouse transfer formula: Db = Da × Rab, where Da, Db and Rab represent human dosage (g/kg), mouse dosage (g/kg), and conversion coefficient respectively. The typical dose of HCS used for patients in China is 10-15 g daily (approximately 7.5 g/m2). All mice received intraperitoneal injection of 0.4 ml normal saline or HCS each day after randomized division. Mice were weighed each week. All experiments on mice were conducted in accordance with the guidelines of the NIH for the care and use of laboratory animals. Mice were sacrificed six weeks after inoculation and then blood sampling was collected through mouse eye's blood vessel. The blood samples were centrifuged and the serums were collected for ELISA assay. The livers were excised and weighed for assessing the ratio of liver to body weight (g/100 g), and the metastases on the surface of liver were enumerated by a dissecting microscope. Liver metastases were placed in 10% neutral buffered formalin for immunohistochemistry.

Immunohistochemical analysis {#Sec11}
----------------------------

Liver metastases in 10% buffered formalin were dehydrated and embedded in paraffin. Dewaxed paraffin-embedded sections measured 4 μm were immunostained according to the protocol of streptavidin-peroxidase (SP) kit (ZYMED, U.S.A). Immunoreactions were visualized with HRP conjugated IgG (goat anti-rabbit/mouse antibody) and developed in diaminobenzidine. The sections were counterstained with hematoxylin and permanently mounted. The slides in 10 randomly selected high power fields (HPF, 400×) were examined in a blinded fashion with light microscopy by two independent researchers \[[@CR31]\]. ImageJ software was used to analyze the optical density (OD) of positively-stained cells on the slides.

Enzyme-linked immunosorbent assay (ELISA) of serum samples {#Sec12}
----------------------------------------------------------

Of the corresponding liver metastasis samples, carbohydrate antigen CA19-9 and carcinoembryonic antigen (CEA) levels were measured using Human Immunoassay kits (Calbiotech, CA, USA) in 19/27 serum samples available from the mice with liver metastasis. Serum samples were assayed in duplicate on two separate occasions with associated standards as controls in accordance with manufacturer's recommendations.

Statistical analysis {#Sec13}
--------------------

Group differences were statistically analyzed using Student's *t*-test or One-way analysis of variance for unpaired values, Mann-Whitney's *U* test was used to analyze the metastases in liver, Kruskal-Wallis test for the ratio of liver to body weight, and Correlation of the CA19-9 and CEA content in serum with the liver metastasis was evaluated by Linear Regression test. The level of significance was set at p \< 0.05, and data are expressed as mean ± standard deviation (SD). The statistical analysis was performed using GraphPad prism version 5.01 software (SanDiego, CA, USA).

Results {#Sec14}
=======

HCS inhibited pancreatic cells viability and the invasion of SW1990 cells {#Sec15}
-------------------------------------------------------------------------

To examine whether treatment with HCS influences proliferation of tumor cells, we employed CCK-8 assays. The cells of three cell lines (SW1990, BxPC3 and CF-PAC1) were treated with HCS of different concentrations (0.156, 0.312, 0.625, 1.25, 2.5 and 5.0 mg/ml). After 48 hours, cell growth was inhibited in all cell lines (Figure [1](#Fig1){ref-type="fig"}A). Since there was no standard concentration for the use of HCS in cell experiments, we used several different concentrations mentioned above to test the effect of HCS on the growth of SW1990 cells at various time points (36, 48 and 72 h). The inhibition rate was 8%-75% at 36 h, 10%-86% at 48 h and 13%-96% at 72 h respectively; The higher the concentration of HCS, the better the effect of its inhibition (Figure [1](#Fig1){ref-type="fig"}B). The inhibition effect of 0.156 mg/ml was not different among at 36 h, 48 h and 72 h (P \> 0.05), but in other concentrations we found the inhibition effect at 48 h was higher than at 36 h (P \< 0.05), 72 h higher than 48 h (P \< 0.05), Differences between two groups were evaluated by *t*-test analysis. P \< 0.05 was considered statistically significant. We chose the IC50 value (50% inhibitory concentration) at 48 h as the reference indicators in this experiment. According to CCK-8 introduction, IC50 value (50% inhibitory concentration) was calculated to be about 0.545 mg/ml at 48 h (Figure [1](#Fig1){ref-type="fig"}C).In order to further determine the effect of HCS on the invasive behavior of tumor cells, we adopted transwell test. SW1990 cells with highly-metastatic potential were treated with HCS of 0.01, 0.02 and 0.05 mg/ml respectively. After 24 hours, HCS significantly inhibited the invasion of SW1990 cells at the concentration of 0.02 mg/ml and 0.05 mg/ml (P \< 0.05), as compared with the control untreated (Figure [1](#Fig1){ref-type="fig"}D,E).Figure 1**Inhibitory effects of HCS on the viability and invasive behavior of pancreatic cancer cells. (A)** Effects of HCS on proliferation of pancreatic cancer cell lines (SW1990, BxPC~3~ and CF-PAC1) after 48 hours. **(B)** Effects of HCS on proliferation of SW1990 cells after 36, 48 and 72 hours. **(C)** IC50=0.545mg/ml was calculated in the time-dose-curve at 48 hour for SW1990. **(D)** After 24 hours of incubation, cells that migrated to the lower side of the chamber were stained with 1% crystal violet and counted under a microscope. **(E)** The invasive capability of SW1990 cells was reduced in a dose-dependent manner. **(F-I)** 24 hours after HCS (50μg/ml) treatment, the mRNA expression of MMP-2 and MMP-9 was reduced by 32.8±2.6% and 37.4±2.8% respectively **(F,G)**; the protein expression of decreased by 33.7±2.5% and 43.8±3.7% respectively **(H,I)**, as compared to the Control (P\<0.05). Data are from three independent experiments. In the bar graph, \*: P\<0.05 indicates the difference significant statistically, compared to controls; "ns" presents no significant difference.

HCS reduced the expressions of MMP-2 and MMP-9 in SW1990 cells in vitro {#Sec16}
-----------------------------------------------------------------------

As is well known, MMP-2 and MMP-9 have been implicated in metastasis and invasion of malignant tumor cells \[[@CR32]\]. Here, semi-quantitative RT-PCR and western blotting were performed for MMP-2 and MMP-9 in SW1990 cells. The bands of MMP-2 and MMP-9 at mRNA and protein levels indicated significant difference between the Control and HCS groups (Figure [1](#Fig1){ref-type="fig"}F,G,H,I). The protein expression of MMP-2 and MMP-9 decreased by 33.7 ± 2.5% and 43.8 ± 3.7% respectively; the mRNA expression of them reduced by 32.8 ± 2.6% and 37.4 ± 2.8% respectively in HCS-L/H groups, compared to the Control (P \< 0.05).

HCS inhibited the progression of liver metastasis in vivo {#Sec17}
---------------------------------------------------------

To further observe the effects of HCS on tumor metastasis in vivo, we established an animal model with liver metastasis from human pancreatic cancer by SW1990 cells. After HCS treatment described above, experimental animals were weighed and then sacrificed. At the same time, livers were excised and then weighed. We identified liver metastases in 8 of 9 mice in Control-group, 6 of 9 in HCS-L group and 5 of 9 in HCS-H group respectively (Figure [2](#Fig2){ref-type="fig"}C). It was observed that there was a dramatic reduction in the number of liver metastases as well as in the ratio of liver to body weight in the HCS-treated animals (Figure [2](#Fig2){ref-type="fig"}A,B). The average number of metastatic tumors per liver was 35.7 ± 4.2, 19.4 ± 2.8 and 14.5 ± 2.3and the ratio of liver to body weight was 4.64 ± 0.28 g/100 g, 3.72 ± 0.16 g/100 g and 3.53 ± 0.17 g/100 g (P \< 0.05, seen in Additional file [1](#MOESM1){ref-type="media"}: Table S1), corresponding to the Control, HCS-L and HCS-H treated group respectively. All these evidences indicated that HCS could inhibit the progression of liver metastasis from pancreatic cancer.Figure 2**Effect of HCS on the liver metastases from human pancreatic cancer by SW1990 cells. (A)** The number of liver metastases in HCS-treated groups was less than the Control (P = 0.042). **(B)** The ration of liver-body weight was decreased in HCS-treated groups, compared to the Control (P\<0.01). **(C)** Livers with metastatic nodules in Control (8/9), HCS-L (6/9) and HCS-H (5/9) groups.

HCS reduced the expressions of VEGF, MMP-2 and MMP-9 in metastasis in vivo {#Sec18}
--------------------------------------------------------------------------

To determine the possible suppression pathway of HCS to metastatic mechanism, we detected the expression of VEGF, MMP-2 and MMP-9 in liver metastases using immunohistochemistry analysis. All immunostained tumor sections were examined by bright-field microscopy and photographed with a Nikon ECLIPSE E600 microscope (Nikon, Japan) camera using 4×,10×, 20× and 40× objective (Figure [3](#Fig3){ref-type="fig"}A,B). Images were loaded into the ImageJ software for the optical density (OD) analysis as described previously \[[@CR33]\]. Densitometric analysis exhibited that the expression of VEGF, MMP-2 and MMP-9 in liver metastases was reduced by 28.3%, 19.8% and 25.7% respectively in the HCS-L group, and decreased by 63.2%, 59.2% and 50.1% separately in the HCS-H group, as compared with the Control (Figure [3](#Fig3){ref-type="fig"}C).Figure 3**Immunohistochemical analysis of VEGF, MMP-2 and MMP-9 expression in liver metastases. (A)** H-E staining of liver metastasis ×4, 10, 20 magnification; **(B)** Detection for the expression of VEGF, MMP-2 and MMP-9 by streptavidin-peroxidase (SP) conjugated method, ×40 magnification; **(C)** With optical density analysis of liver tumor sections by ImageJ software, the expression of VEGF was reduced by 28.3±2.2% and 63.2±5.7%, MMP-2 by 19.8±1.7% and 59.2±6.3% as well as MMP-9 by 25.7±2.4% and 50.1±5.2% in HCS-L and HCS-H groups respectively, compared to the Control (P\<0.05), by Mann--Whitney test. Data is mean±SD.

HCS impacts on the concentration of CEA and CA19-9 in serum {#Sec19}
-----------------------------------------------------------

As is well known, CA19-9 is a very important prognostic factor in pancreatic cancer. In this experiment, we detected the concentration of CEA and CA19-9 in serum by ELISA assay in 19 blood samples. The CA19-9 concentration in HCS-treated groups (mean was 281.5U/ml and 262.8U/ml in HCS-L and HCS-H groups respectively) differed significantly from that of the Control (388.1U/ml) (Figure [4](#Fig4){ref-type="fig"}A; P = 0.038). Meanwhile, there was not any dramatical difference in the contents of serum CEA among three experimental groups, though the CEA concentration was decreased in HCS groups (Figure [4](#Fig4){ref-type="fig"}B; P \> 0.05).Figure 4**ELISA analysis for the concentration of CEA and CA19-9 in serum after HCS treatment. (A)** The CA19-9 concentrations in serum in HCS-treated groups differed significantly from that of the Control (P = 0.038); **(B)** The CEA concentrations were not different statistically among the Control and HCS groups (P\>0.05), Data analyzed by Kruskal-Wallis test. **(C)** The linear regression analysis indicated that after HCS treatment, CA19-9 in serum decreased with the number of liver metastases reduced (R^2^ = 0.442, P = 0.0026), but which was independent of CEA in serum (R^2^ = 0.001, P = 0.8899).

Correlation of the CA19-9 and CEA content in serum with the progression of liver metastasis {#Sec20}
-------------------------------------------------------------------------------------------

Subsequently, we evaluated the relation between the content of CA19-9, CEA in serum and the number of liver metastatic nodules so as to observe the HCS influence on progression of advanced pancreatic cancer. Linear regression analysis indicated that CA19-9 content in serum was related positively with the number of liver nodules (R2 = 0.442, P = 0.0026), which was yet not linked obviously with CEA content in serum (R2 = 0.001, P = 0.8899) (Figure [4](#Fig4){ref-type="fig"}C).

Discussion {#Sec21}
==========

Pancreatic cancer remains an unfortunate disease with a 5-year survival rate below 6%, a worst survival in all cancers \[[@CR34]\] for its early remote dissemination. This reflects the inability of current systemic therapy to prevent or treat pancreatic cancer metastases and underscores the need for novel therapy.

The research of HCS has been going on in America, China and some other Asian countries such as Japan and Korea. Over recent years, HCS is gaining ever-increasing attention due to its various biological activities displayed in therapy of many diseases \[[@CR35], [@CR36]\]. In this study, we tried to examine whether HCS had some anti-metastasis effects on pancreatic cancer. In vitro HCS evidently inhibited the invasion of SW1990 cells as well as the cell viability of three cell lines (SW1990, BxPC3 and CF-PAC1), and in vivo the number of liver metastases was decreased, accompanied with the ratio of liver-body weight improved by HCS in the nude mice model. It means that HCS has the potential of anti-metastasis effect on advanced pancreatic cancer.

Studies of matrix metalloproteases (MMPs) in invasive cancers have indicated that MMPs play an important role in the development of tumor metastases, among which MMP-2 and MMP-9 are particularly associated with distant dissemination of malignant tumors \[[@CR37]\]. Moreover, some researches were reported that high expression of MMP-2 and MMP-9 was found in pancreatic cancer \[[@CR38], [@CR39]\]. Our findings showed that the expressions of MMP-2 and MMP-9 at the levels of mRNA and protein were significantly down-regulated by HCS treatment, indicating that HCS inhibited the growth of liver metastasis possibly through decreasing the expression of MMP-2 and MMP-9.

Angiogenesis depends on numerous activating factors that were demonstrated to be over-expressed in pancreatic cancer, while it has been verified that VEGF is a key inducer of angiogenesis. Over recent years, VEGF has been targeted in clinic for treatment of some cancers such as rectal cancer, lung cancer and liver cancer \[[@CR40]--[@CR42]\]. In this experiment, HCS abated the expression of VEGF in liver metastasis, which implied that maybe there was some relationship between VEGF and MMPs in the context of this experiment. This result was also consistent with recent studies that MMPs enhanced tumor angiogenesis by triggering the angiogenic switch \[[@CR43]\].

As a prognostic marker, the serum CA19-9 has replaced CEA because it is more specific and sensitive for pancreatic cancer \[[@CR1], [@CR44]\]. In this experiment, the CA19-9 content in serum declined obviously from 388.1U/ml in the Control to 262.8-281.5U/ml in HCS-treated animals (data not shown); however, the concentration of CEA in serum changed little among the Control and HCS groups. Incidentally, there was no dramatic difference in terms of CA19-9 between the low and high doses of HCS, corresponding to the results above that the number of liver metastases showed no difference between HCS groups. Then, linear regression analysis indicated that the change of CA19-9 was closely related with the number of liver metastasis, which confirmed that CA19-9 in serum reflected the progression of advanced pancreatic cancer with liver metastasis as a prognostic maker.

Conclusion {#Sec22}
==========

In this study, based on the present findings, we inferred that HCS could inhibit the progression of advanced pancreatic cancer with liver metastasis through down-regulating the expression of VEGF, MMP-2 and MMP-9. Nevertheless, this experiment only throws some light on the mechanism of HCS inhibitory effects on metastasis and progression of advanced pancreatic cancer, and so more researches should be pushed on in further studies.
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